Towards the total synthesis of Hennoxazole by REVURU, SRIVIDYA
Abstract
Synopsis of the thesis entitled "Towards the total synthesis of Hennoxazole" to be submitted to the University of Pune for the Degree of Doctor of Philosophy in Chemistry by Ms. R. Srividya under the guidance of Dr. J. S. Yadav, Deputy Director, IICT, Hyderabad and Professor R. S. Mali, Dept. of Chemistry, University of Pune, Pune. The thesis is divided into three chapters. Chapter 1: 'Introduction and Previous Approaches In the quest for the discovery of new biologically active molecules, oxazole containing marine alkaloids 1 , isolated from nudibranch egg masses 2,3 and subsequently from sponges 4 have been found to possess significant bioactivities including antifungal, cytotoxic, anthelminitic and tumor-promoting properties. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a76_figureNO7.jpg" \t "_blank​) A bis-oxazole containing marine alkaloid, Hennoxazole, was isolated from the sponge, Polyfibrospongia sp. by Ichiba et al in 1991. 5 It was found to exhibit potent antiviral activity against herpes simplex virus (HSV-1) and was found to display analgesic activity. This structurally diverse natural product incorporates a directly linked bis-oxazole core with a highly functionalised tetrahydropyranyl ring and a non-conjugated triene. However, the isolation of Hennoxazole A, from the marine sponge in low contents prohibits further chemical and biological studies. The structural diversity coupled with the high biological activity has intrigued the chemists all over the world in studying the possible synthetic routes for the total synthesis. Chapter-1 deals with a brief account of the work carried out by the various research groups reported towards the total synthesis of Hennoxazole. 6 Chapter 2: Studies directed towards the total synthesis of hennoxazole As a part of our programme on the study of the biologically active molecules, we decided to take up the total synthesis of the bis-oxazole and its retrosynthetic analysis is given as shown in scheme-1. Retrosynthetic strategy Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a76_figureNO8.jpg" \t "_blank​) 
The synthesis of the tetrahydropyranyl C1-C10 segment 5, was attempted starting from the commercially available a-D- Glucosamine hydrochloride 6 as shown in scheme-2. 
Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a76_figureNO9.jpg" \t "_blank​) 
The methyl-2-benzamido-4,6-benzylidene-2-deoxy-a-D-glucosamine 7, derived from a-D-glucosamine hydrochloride, in a three-step sequence, was mesylated by MsCl/Pyridine. The mesylate 8, on treatment with sodium acetate and 2-methoxyethanol afforded 2-phenyloxazoline 9. However, the acid sensitive oxazoline 9, when subjected to selective cleavage of the 4,6-O-benzylidene group, resulted in decomposition. This failure in obtaining the desired product may be due to the interference of the bulky phenyl group. Hence, alternatively, acetylation of the amino functionality of a-D Glucosamine hydrochloride, resulted in the methyl-2-acetamido-4,6-O-benzylidene-2-deoxy- a -D-glucosamine 11 (Scheme-3). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a76_figureNO10.jpg" \t "_blank​) 
The benzylidene 11 on mesylation to obtain the mesylate (12), which on subsequent treatment with sodium acetate and 2-methoxyethanol resulted in the inversion of the stereocenter at C-3 of the mesylate giving methyl-2-acetamido-4,6-O-benzylidene-2-deoxy-a-D-ribo-hexopyranoside 13, which was confirmed by the spectral studies. The hydroxyl group of the compound 13 was protected as its methyl ether 14 using NaH and methyl iodide. 
Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a76_figureNO11.jpg" \t "_blank​) 
The regioselective ring opening of the 4,6-O-benzylidene group of 14 with sodium cyanoborohydride and diethyl ether saturated with HCl in THF, provided the alcohol 15 which was converted into its xanthate and deoxygenated using tributyltin hydride to produce the 4-deoxy derivative 16 (Scheme-4). The next step attempted involved the debenzylation of the primary alcohol 16 and then oxidation to the corresponding aldehyde. But to our disappointment, the over all yields in proposed sequence were poor and thus further continuation became a problem. Therefore, another alternate route was designed to get the required segment 5. Accordingly, tetrahydropyranyl 5-hexen-2-yn-1-ol 18 was prepared through a copper-catalyzed Grignard between the THP ether of propargyl alcohol 17 and allyl bromide. The resulting alkyne 18 was transformed into the corresponding allylic alcohol 19 via a two-step sequence (Scheme-5). Sharpless asymmetric epoxidation of the allyl alcohol 19 yielded the oxirane 20, which on reduction with the Red-Al yielded the diol 21. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a76_figureNO12.jpg" \t "_blank​) 
1,3-dipolar cycloaddition of the olefin 22 with PhNCO, Et? 3 N and nitroethane gave the dihydroisoxazole 23, which was hydrolyzed to b-hydroxyketone 24. The b-hydroxyketone 24 was oxidized to diketone 25, which was subsequently cyclised to 26 through intramolecular keto-enolisation and the resulting ketone 26 was reduced with NaBH 4 to the tetrahydropyran C1-C10 segment 5 (Scheme-6). Having successfully accomplished the synthesis of the C1-C10 segment 5, attention was directed to the synthesis of the oxazole C13-C19 segment-3. 4-Pentyn-1-ol 28, was prepared from the commercially available tetrahydrofurfuryl chloride 27, by metal ammonia reduction, and then it was protected as its THP derivative. The THP ether 29 was condensed with propenyl oxide to get homopropargylic secondary alcohol 30 (Scheme-7). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a76_figureNO13.jpg" \t "_blank​) The secondary alcohol 30 was subsequently reduced to the allylic alcohol 31 by LAH and then oxidized to the corresponding ketone 32. Deprotection of the ketone 32 yielded the keto alcohol 33, which was then converted to the ketone-1,3-dithio acetal 34 (Scheme-8). However, further oxidation of the dithio acetal 34 yielded the acid 35 in low yields and hence an alterate synthetic route was adopted. (Scheme-9) Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a76_figureNO14.jpg" \t "_blank​) In the scheme-9, allylic secondary alcohol 38, was prepared by coupling reaction of allylic bromide 37 and allyl bromide 37, and it was subjected to Claisen condensation using triethyl ortho acetate and catalytic amount of the propionic acid to afford the ester 39. The ester 39 on hydrolysis and then coupling with the L- serine methyl ester using EDCI, HOBT and Hunig's base (DIPEA) to obtain the amide 41. The amide 41 was oxidized with DAST and on further, cyclisation of the intermediate yielded the oxazole 42 as shown in scheme-9. Thus the synthesis of the masked ketone 42 was accomplished in a total of seven steps.(Scheme-9) Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a76_figureNO15.jpg" \t "_blank​) Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a76_figureNO16.jpg" \t "_blank​) MeI. Kinetic resolution of 46 using (-)-a-methylbenzylamine followed by hydrolysis of the intermediate amide resulted in the required stereospecific acid 47 (Scheme-10). The acid 47 was reduced to the corresponding alcohol 48, which was subsequently transformed to the highly unstable bromide 4. Further, attempts to complete the synthesis of the target molecule, hennoxazole involve the side chain extension of the C1-C10 segment and final coupling of all the three major fragments, which are underway in our laboratory. Chapter 3: Development of Novel Synthetic Methodologies in Functional Group Transformations Chapter 3 deals with the chemistry of the utilization of various Lewis acids in functional group transformations. This chapter is divided into three sections. Section A: This section deals with a brief description of various functional group transformations catalyzed by lewis acids. Section B: Ring Opening Reactions of Cyclic anhydrides Half-esters or Acid esters are versatile synthons for the synthesis of various natural products. A general method for the synthesis of half-esters involves the esterification or transesterification with alcohols 7 and the hydrolysis of diesters with Ba(OH) 2 8 or with pig liver esterase. 9 Ring opening of cyclic anhydrides 10 with alkoxides is also a popular method for the synthesis of half esters. However, methods for non-enzymatic protocols for asymmetric versions of these reactions are rare. 11-13 Hence, extending our recent studies 14 on the protection of aldehydes as acetals and their deprotection using lewis acids, we have developed a novel synthetic methodology for the regioselective ring opening of the cyclic anhydrides to give hemiesters using readily available lewis acids. 15 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a76_figureNO17.jpg" \t "_blank​) A rapid and high yielding preparation of half-esters from cyclic anhydrides such as phthalic anhydride, homophthalic anhydride and tetralic anhydride and so on, using methanol and ethanol under lewis acid conditions is described (Scheme-11). The results were published in Tetrahedron, 1999, 55, 4015. Section C: Selective cleavage of Alkyl tert-butyldimethylsilyl ethers using BiCl 3 /NaI Section C deals with a selective cleavage of the alkyl tert-butyldimethylsilyl ethers using a mild lewis acid, viz BiCl? 3 . The protection of the hydroxy functional group as tert-butyldimethylsilyl (TBDMS) 16 ether is a common and useful methodology in organic synthesis, because of the stability of the silyl derivatives towards basic and mild acidic reagents. Tetrabutylammonium fluoride 17 is often used as a reagent for deprotection of TBDMS ethers, but the reagent, being a strong base, it can affect base-sensitive substrates. Though several methods 18 have been reported in the literature for the selective deprotection of TBDMS ether groups of alkyl derivatives, only a few procedures 19 have been reported for the selective cleavage of the alkyl ethers. As part of our research programme on the synthetic sequences of complex natural products, we needed to selectively deprotect the aryl TBDMS ethers in presence of alkyl TBDMS ether. BiCl 3 being a mild and efficient lewis acid, it was observed in about 12-16 examples to cleave selectively alkyl TBDMS ethers over aryl their aryl derivatives. The reactions proceeded smoothly giving high yields. 20 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a76_figureNO18.jpg" \t "_blank​)

